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Abstract
Background Despite a trend for less radical surgical approaches in breast cancer due to better understanding of tumour biol-
ogy and new treatment options such as neoadjuvant chemotherapy (NAC) and intra-operative radiotherapy (IORT), seroma 
production remains one of the main surgical side effects that can result in prolonged recovery, delay of radiotherapy and 
patient discomfort. The aim of this study is to provide an update on risk factors for seroma production after breast cancer 
surgery considering the latest treatment options.
Methods A retrospective analysis of seroma production in primary breast cancer patients treated between 01.01.2010 and 
31.12.2014 at the Breast Cancer Centre, University Hospital Ulm, was performed. Patients with previous breast/axillary 
surgery or more than one intervention were excluded. Seroma formation was measured using wound drains placed in breast 
and axilla.
Results In total, 581 patients met the inclusion criteria. Median age at diagnosis was 60 years, and median BMI 25.6 kg/
m2. 60 (10.3%) patients had a mastectomy, 175 (30.1%) patients received IORT, and 72 (12.4%) patients received NAC. 
Median amount of seroma production was 82.5 ml (range 0–3012.5 ml). Multivariate analysis revealed that most of the 
observed variation in seroma production was due to type of surgery (mastectomy vs. breast conserving), length of surgery 
and number of removed lymph nodes. Both NAC and IORT explained a significant but very small amount of the observed 
variation in seroma production.
Conclusion The most important factors for seroma production are extent and duration of breast surgery.
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Introduction

In the last decades, the surgical approach in the treatment 
of breast cancer has become less radical. Surgically ‘no ink 
on tumour’ is considered oncological ‘save’ and the axillary 
dissection is now in most cases a ‘sentinel only’ procedure. 
More and more breast cancer patients are not treated in the 
traditional order with surgery and radiotherapy followed by 
systemic treatment, but instead receive neoadjuvant chemo-
therapy (NAC) and/or intra-operative radiotherapy (IORT). 
Due to improvements in NAC and extension of patient 

selection criteria, breast conserving surgery (BCS) is now 
the surgical standard for the majority of patients. The main 
advantages of BCS over mastectomy are less morbidity, bet-
ter aesthetic outcome and greater patient satisfaction [1]. 
Though it has been shown that the wounds of BCS do not 
need routine drainage, still some surgeons use NAC as a 
reason to insert them [2].

BCS should always be followed by radiotherapy to obtain 
a comparable oncological outcome to mastectomy. Tradi-
tionally this radiotherapy is a whole breast radiation. In 
order to improve the therapy in effectiveness and applica-
tion length, IORT was developed for BCS [3]. IORT distrib-
utes a radiation dose directly on the tumour bed just shortly 
after the removal of the tumour and before skin closure [4]. 
This reduces the length or possibly completely substitutes 
the post-operative radiation course with equal or improved 
local tumour control [5].
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However, despite these new developments and the trend 
towards less radical surgical approaches, seroma production 
continues to remain an important clinical issue for breast 
surgeons. Seroma still represents one of the main surgical 
side effects that can result in prolonged recovery, delay of 
radiotherapy and patient discomfort. Post-surgical wound 
seroma is very common in all patients, but not all seromas 
are clinically relevant and only a minority requires an inter-
vention. Seroma production is not yet fully understood and 
the influence of various treatment combinations on seroma 
formation is also largely unknown [6]. The aim of this paper 
is to re-evaluate the risk factors for seroma production 
including the treatment options of NAC and IORT.

Materials and methods

The database of the certified breast centre of the University 
Hospital Ulm contains records on all treated breast can-
cer patients with data on tumour characteristics and treat-
ment. The data were filtered for primary patients present-
ing between 01.01.2010 and 31.12.2014. From the regular 
patient chart of the first breast cancer surgery the number of 
drains, amount of seroma on day 1/3/5 and the total seroma 
production per drain was noted. In addition, information 
on body mass index (BMI), total surgical time, volume of 
removed tissue, ASA, diabetes, and smoking habits were 
extracted from the database or patient sheets to be included 
in the analysis. Patient data on the second or later surgery 
was excluded. Alongside cases that had a breast cancer sur-
gery outside our department were excluded too. The last 
cycle of NAC was minimum 3 weeks, maximum 6 weeks 
prior to the scheduled surgery. Surgery was performed with 
bipolar scissors or a mono-polar knife. All patients received 
a single shot antibiotic dose with cefuroxime or in case of 
intolerance clindamycin during surgery. IORT was offered 
to patients with tumours smaller than 3 cm according to 
national guidelines [7]. A boost irradiation using the mobile 
Intra beam applicator was applied once the tumour had been 
removed. The tumour bed boost with 50-kV X-rays delivered 
9 Gy at the applicator surface in selected patients. Slit drains 
(Redon) were placed in each wound cavity and were con-
nected to a negative pressure collection bottle. Two drains 
were placed in the larger cavities (i.e. large mastectomies or 
intramammarial reconstruction) to ensure complete drain-
age. Drains were removed if the collected volume in 24 h 
was less than 50 ml, the drain dislocated accidentally or the 
patient requested the drain removal.

Data analysis

Categorical data are described using absolute and relative fre-
quencies, and metric variables were described using median 

and ranges as they differed significantly from a normal dis-
tribution (Shapiro–Wilk test, all p < 0.05). Comparisons of 
total seroma production (ml) between groups were performed 
using the non-parametric Mann–Whitney U test (in case of 
two groups) or Kruskal–Wallis test (in case of more than two 
groups) and illustrated using box-and-whisker plots, where 
the horizontal line inside the box indicates the median and 
the box represents the interquartile range (IQR; the middle 
50% of scores). The lower and upper end of the box represent 
the lower and upper quartile, respectively, and the ends of the 
whiskers denote the lowest and highest values still within 1.5 
IQR of the lower and upper quartile. If there are no values 
more than 1.5 IQR below the lower or above the upper quartile 
(i.e. outliers), the ends of the whiskers denote minimum and 
maximum of the data. Outliers that are more than 1.5 IQR but 
less than 3 IQR below the lower or above the upper quartile 
are indicated by open circles, and extreme outliers more than 3 
IQR below the lower or above the upper quartile are indicated 
by stars. Correlations between total seroma production and 
metric variables were analysed based on the non-parametric 
Spearman rank correlation coefficient  rs and illustrated using 
scatterplots.

To evaluate which parameters had a significant independ-
ent effect on total seroma production, we applied a general 
linear model analysis with total amount of seroma produc-
tion as the dependent variable. The following independent 
variables initially entered the model: year of diagnosis (2010, 
2011, 2012, 2013, 2014), age at the time of surgery (years), 
body mass index (BMI) at the time of surgery (kg/m2), smok-
ing (yes, no), diabetes type II (yes, no), type of surgery (breast 
conserving, mastectomy), intra-operative radiotherapy (IORT, 
yes, no), neoadjuvant chemotherapy (NAC, yes, no), duration 
of surgery (min), volume of tissue removed during surgery 
 (cm3), hormone receptor status (negative, positive), HER2 
status (negative, positive), tumour stage (pT0/Tis, pT1, pT2, 
pT3, pT4), nodal stage (pN0, pN1, pN2, pN3), ASA score 
(1, 2, 3, 4), Ki 67 (%), number of lymph nodes removed and 
number of positive lymph nodes. After stepwise removal of 
non-significant parameters (p > 0.05) from the full model, we 
obtained the final model that included only variables that were 
significantly associated with total seroma production.

All statistical analyses were performed with the software 
 IBM®  SPSS® Statistics version 22 (IBM Corp., Armonk, NY, 
USA); all tests were two-sided and p values below 0.05 were 
considered statistically significant, i.e. there was no adjustment 
of significance levels for multiple testing.
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Results

Patient and treatment characteristics

1691 primary breast cancer patients were treated between 
01.01.2010 and 31.12.2014 in our unit. Overall, 581 
patients were eligible for this analysis. The main reasons 
for exclusion were primary surgeries in combination with 
reconstructive surgery, omission of drains and incomplete 
documentation of seroma volume. The median age at the 
time of breast surgery was 60 years (range 27–95 years), 
and median BMI was 25.6 kg/m2 (range 16.7–53.8 kg/m2); 
84.7% were non-smokers and 8.1% were diabetic. About 
two-thirds (66.3%, n = 385) of the patients were classi-
fied as ASA 1 or 2, 54.6% (n = 317) were classified as 
pT1, 38.2% (n = 222) as pT2, and 4.0% (n = 23) as pT3/
pT4. The nodal status was pN0 in 82.4% (n = 479), while 
11.2% (n = 65) patients had positive nodes (37 patients 
with missing data). The cancers were mostly hormone 
receptor positive (83.8%) and HER2 negative (90.2%). 
BCS was performed in 89.7% (n = 521), while the remain-
ing 10.3% (n = 60) patients received a mastectomy. Median 
duration of surgery was 120 min (range 35–350 min) and 
the median volume of tissue removed was 76 cm3 (range 
7–5956 cm3). Median number of lymph nodes removed 
was 2 (range 1–29), and the 65 patients with positive nodes 
had a median number of 2 infested lymph nodes (range 
1–18). 12.4% of patients (n = 72) received NAC, 30.1% of 
patients (n = 175) received IORT and the remaining 57.5% 
of patients (n = 334) had none of these two treatments. 
Further details regarding patients, tumours and surgery 
are provided in Table 1.

Drain numbers, duration and amounts of seroma 
production

Seroma was collected using one drain only in 48.4% of 
patients (n = 281), while 45.3% of patients (n = 263) had 
two drains, and 6.4% of patients (n = 37) had even three 
drains laid to collect wound seroma after breast surgery. 
Drain one (placed in the breast) collected a median of 
50 ml (range 0–2970 ml) wound seroma and was removed 
after a median of 2 days (range 1–13 days), drain two 
(placed in the axilla) collected a median of 52.5 ml (range 
0–1460 ml) and was removed after a median of 3 days 
(range 1–18 days), and drain three (second breast drain) 
collected a median of 30 ml (range 3–938 ml) and was also 
removed after a median of 3 days (range 2–11 days). The 
total amount of seroma production was 82.5 ml (median) 
and ranged from 0 ml to 3012.5 ml. Interquartile range 
for total seroma production was 40–170 ml, and 5.2% of 

Table 1  Patient characteristics, tumour characteristics and treatments 
of 581 patients that had undergone primary surgery for breast cancer

Variable All patients (n = 581)

Year of primary diagnosis
 2010 42 (7.2%)
 2011 113 (19.4%)
 2012 90 (15.5%)
 2013 98 (16.9%)
 2014 238 (41.0%)

Age at primary surgery (years)
 Median 60
 Range 27–95

BMI (kg/m2)
 Median 25.6
 Range 16.7–53.8

Diabetes
 No 532 (91.6%)
 Yes 47 (8.1%)
 Unknown 2 (0.3%)

Smoking
 No 492 (84.7%)
 Yes 79 (13.6%)
 Formerly smoker 9 (1.5%)
 Unknown 1 (0.2%)

Tumour stage
 pT0/Tis 19 (3.3%)
 pT1 317 (54.6%)
 pT2 222 (38.2%)
 pT3 16 (2.8%)
 pT4 7 (1.2%)

Nodal stage
 pN0 479 (82.4%)
 pN1 41 (7.1%)
 pN2 17 (2.9%)
 pN3 7 (1.2%)
 Unknown 37 (6.4%)

ASA score
 1 90 (15.5%)
 2 295 (50.8%)
 3 194 (33.4%)
 4 1 (0.2%)
 Unknown 1 (0.2%)

Hormone receptor status
 Negative 91 (15.7%)
 Positive 487 (83.8%)
 Unknown 3 (0.5%)

HER2 status
 Negative 524 (90.2%)
 Positive 52 (9.0%)
 Unknown 5 (0.9%)

Ki-67 (%)
 Median 10
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the patients (n = 30) showed a total seroma production of 
10 ml or less, while 2.4% of the patients (n = 14) had a 
total seroma production of 1000 ml or higher.

Factors affecting total seroma production

Univariate analyses showed significant correlations between 
the total amount of seroma production and duration of 
surgery (rs = 0.340, p < 0.0001, Fig. 1a), volume of tissue 
removed during surgery (rs = 0.525, p < 0.0001, Fig. 1b), 
number of lymph nodes removed (rs = 0.471, p < 0.0001, 
Fig. 1c) and number of positive lymph nodes (rs = 0.309, 
p < 0.0001, Fig. 1d). In contrast, there were no significant 
correlations between the total amount of seroma production 
and age at the time of surgery, BMI, or Ki 67 (all p > 0.05).

In addition, total amount of seroma production differed 
significantly among the years of diagnosis (p < 0.0001), and 
according to tumour stage (p < 0.0001, Fig. 2a), nodal stage 
(p < 0.0001, Fig. 2b) and ASA score (p = 0.005, Fig. 2c). 
Furthermore, total amount of seroma production was sig-
nificantly higher after mastectomy than after BCS (median 
540 vs. 74 ml, p < 0.0001, Fig. 3a), without IORT than 
with IORT (median 91 vs. 70 ml, p < 0.0001, Fig. 3b), with 
NAC than without NAC (median 234 vs. 80 ml, p < 0.0001, 
Fig. 3c), and in HER2-positive tumours than in HER2-neg-
ative tumours (median 119 vs. 82 ml, p = 0.014, Fig. 3d). 
No significant differences with regard to the total amount 

of seroma was found between smokers and non-smokers, 
between patients with and without diabetes type II, and 
between hormone receptor-positive and hormone receptor-
negative tumours (all p > 0.05).

To assess which factors are significantly and indepen-
dently from other variables associated with the total amount 
of seroma production, we performed a multivariate general 
linear model analysis with all factors being entered into the 
model in a first step, followed by stepwise removal of non-
significant parameters (see “Materials and methods”). The 
final model with the remaining significant parameters is 
shown in Table 2 and explains two-thirds of the observed 
variation (R2 = 0.667). According to the partial Eta squared 
values, type of surgery (mastectomy vs. BCS) is the most 
important factor explaining the highest amount of the 
observed variability in seroma production, followed by 
the parameters duration of surgery and number of lymph 
nodes removed. The remaining factors shown in Table 2, 
age at the time of surgery, tumour stage, nodal stage, IORT 
and NAC are still significant independent predictors of the 
total amount of seroma production, but explain only small 
amounts of the observed variability in seroma production.

Discussion

The surgical approach to breast cancer treatment has become 
less radical and difficile. The most common ‘complication’ 
of the surgery is wound seroma that may delay further treat-
ment and/or impair the patients’ quality of live. It has been 
known for some time that the extent of the surgery influences 
the amount of seroma production [8]. The rate of BCS as 
‘smaller’ surgery increased considerably due to the use of 
NAC and the recommendation to excise within the ‘new’ 
borders [7]. Sentinel node biopsy replaced the axillary dis-
section in early breast cancer. The sentinel node biopsy tech-
nique is known to reduce the rate of axillary seroma [9, 10], 
but still seroma production is inevitably associated with sur-
gical treatment especially for larger tumours (i.e. resulting in 
larger wound cavities). To solve this clinical issue, patients 
need either to have a drainage inserted or return after dis-
charge for seroma aspiration. The need for a drain insertion 
has been critically evaluated by several authors [11–13]. In 
case of an axillary lymph node dissection advantages and 
disadvantages of drainage insertion have been described 
[14]. However, based on the Z0011 study and others the 
need for an axillary dissection even in patients with positive 
sentinel nodes has been questioned [15–17].

Our data confirm the strong associations between the 
extent of surgery and seroma production with regard to both 
surgery of the primary tumour (mastectomy vs. BCS) and 
the axilla (number of lymph nodes removed). This has not 
changed compared to previous publications, and only ‘no 

Table 1  (continued)

Variable All patients (n = 581)

 Range (missing data n = 12) 0–90
Type of surgery
 Breast conserving 521 (89.7%)
 Mastectomy 60 (10.3%)

Duration of surgery (min)
 Median 120
 Range 35–350

Number of lymph nodes removed
 Median 2
 Range (missing data n = 48) 1–29

Number of positive lymph nodes
 Median 0
 Range (missing data n = 47) 0–18

Volume of tissue removed during primary surgery  (cm3)
 Median 76
 Range 7–5956

NAC/IORT
 None 334 (57.5%)
 NAC only 72 (12.4%)
 IORT only 175 (30.1%)
 Both 0 (0.0%)
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surgery’ [6] might be a fundamental improvement regarding 
the prevention of seroma production. The ‘no surgery in the 
axilla’ question is evaluated for early breast cancer patients 
in the ongoing INSEMA study [18]. For pN + breast cancer 
patients there is no conclusive evidence showing a benefit 
of an axillary dissection in terms of improved survival prior 
or after systemic treatment. In addition, a retrospective 
study questioned the current practice of axillary dissection 
[19]. In patients with advanced breast cancer (i.e. distant 
metastasis) an axillary staging has not been recommended 
for several years [7]. With regard to avoiding surgery, there 
are some case series indicating that in elderly patients unfit 
or unwilling to undergo surgery with hormone receptor-
positive breast cancer primary endocrine therapy may be 
an option [20–22]. However, similar studies for younger 
patients are yet missing and surgery of the primary tumour 
remains standard of care [7]. If after NAC imaging suggests 
a complete response this can currently only be confirmed by 

surgical excision of the clip marked area/prior tumour bed. 
At the moment there is a clinical trial evaluating vacuum 
biopsy of the tumour bed which might lead to the omission 
of surgery in future. In the metastatic setting removal of the 
primary tumour might be beneficial for the patient [23].

According to our results, the second most important 
parameter associated with seroma production was the dura-
tion of the surgery. There are only few studies that investi-
gated the association between duration of breast surgery and 
seroma production. In a review on risk factors for seroma 
formation after breast cancer surgery, Kuroi et al. cited 
one prospective study that reported a positive association 
between operation time and seroma production and one ret-
rospective study that showed no such association [9]. Both 
cited studies were published over 20 years ago and there-
fore might not reflect current surgical management. It seems 
reasonable that a larger tumour or more extended lymph 
node dissection requires a longer surgery time; however, our 

Fig. 1  Scatterplots showing the association between total amount of seroma production (ml) and a duration of surgery (min), b volume of tissue 
removed  (cm3), c number of lymph nodes removed, and d number of positive lymph nodes
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finding that the duration of surgery was significantly associ-
ated with seroma production independently from the extent 
of surgery was surprising. Our results may indicate that 
experienced surgeons who are able to perform the surgery 
in less time may add an additional benefit for their patients 
beyond the surgical procedure. The underlying cause might 
perhaps be due to pathophysiological mechanisms that are 
initiated by extended wound opening [8].

Other factors possibly associated with seroma formation 
after breast surgery include type of surgical device [24–26], 
use of sclerosants, fibrin glue and sealants, timing of shoul-
der physiotherapy or patient factors like BMI but the results 
are conflicting and consistent evidence is scarce [8, 9].

Only limited data are available regarding the possible 
effect of modern treatment options such as NAC and/or 

IORT on seroma production following breast cancer surgery. 
A prospective randomized study evaluating complications 
after breast surgery with or without peri-operative adjuvant 
chemotherapy found no difference in seroma production 
[27]. One of the largest studies including 3700 NAC patients 
and 74,000 patients without NAC showed that NAC was 
associated with decreased odds of systemic morbidity in the 
first 30 days, but these results are based on more extended 
surgery as all patients received mastectomy with or without 
immediate breast reconstruction, and seroma formation was 
not specifically investigated [2]. Our data show that NAC 
significantly increases the amount of seroma production, 
but the effect size is small compared to the more important 
factors extent and duration of surgery and indicates limited 
clinical relevance.

IORT is another current treatment development that is 
becoming more and more a routine for patients with smaller 
tumours and BCS. With two good quality trials showing 
a non-inferiority regarding local recurrence for the IORT 
compared to whole breast radiotherapy the question on hand 
is whether this intrasurgical treatment does not only pro-
long the surgical procedure, but also influences the seroma 
production. The rates of seroma treatment in a case–control 
series of 157 patients ± IORT did not differ [28]. Another 
clinical case series with 208 patients found palpable seromas 
in breast and axilla in 17%. But 55% of those patients under-
went an axillary lymph node dissection increasing the risk 
for axillary seroma [29]. In our previous publication with 
pN0 (sn) patients no significant difference in the seroma 
production until drain removal was found [30].

However, looking at the overall post-operative compli-
cation rate (including liponecrosis, inflammation, seroma, 
hematoma and infection/dehiscence,) IORT patients have a 
significantly higher complication rate [31].

With the increased diversity of breast cancer treatment 
our study re-evaluates the risk factors on seroma production 
for the time period between surgery and discharge.

As the underlying causes for seroma production follow-
ing breast cancer surgery are still not well understood this 
retrospective study is an addition on factors associated with 
seroma production and current guideline adherent treat-
ment. Our multivariate analysis identified the factors with 
the most influence (i.e. largest effect size) on seroma pro-
duction, but to provide strong evidence for a causal relation-
ship a prospectively randomized study would be needed. 
However, besides the difficulties for a randomization in a 
surgical study according to the extent of the surgery as a 
main parameter it would be unethical to withhold current 
treatment options (i.e. IORT or NAC) for suitable patients. 
Thus, it seems that large retrospective studies involving mul-
tivariate analysis and meta-analytical approaches are the best 
available options to disentangle the impact of various factors 
on the amount of seroma production after breast surgery.

Fig. 2  Boxplots showing the comparison of the total amount of ser-
oma production (ml) according to a tumour stage, b nodal stage, and 
c ASA score
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Fig. 3  Boxplots showing the comparison of the total amount of seroma production (ml) according to a type of surgery, b intra-operative radio-
therapy (IORT), c neoadjuvant chemotherapy (NAC), and d HER2 status of the tumour

Table 2  Final general linear 
model (response variable: total 
amount of seroma in ml) after 
stepwise removal of non-
significant parameters from the 
full model (see “Materials and 
methods”)

Partial eta squared is a measure for effect size and describes the proportion of the total variability in seroma 
production observed that is attributable to a factor
Adjusted R2 = 0.667

Variable F df p value Partial eta 
squared

Age at time of surgery (years) 13.596 1 < 0.001 0.026
Type of surgery (breast conserving/mas-

tectomy)
170.278 1 < 0.0001 0.247

Duration of surgery (min) 95.444 1 < 0.0001 0.155
IORT (yes/no) 11.692 1 0.001 0.022
NAC (yes/no) 9.872 1 0.002 0.019
pT (pT0/Tis, pT1, pT2, pT3, pT4) 4.961 4 0.001 0.037
pN (pN0, pN1, pN2, pN3) 6.694 3 < 0.001 0.037
Number of lymph nodes removed 43.168 1 < 0.0001 0.077
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Conclusions

The amount of seroma formation after breast conserving 
surgery in early breast cancer is significantly and clinically 
relevant associated with type of surgery (mastectomy vs. 
BCS), number of removed lymph nodes, and length of sur-
gery. Significant but not clinically relevant associations were 
found for age, tumour stage, IORT and NAC. Our results 
indicate that seroma in breast surgery is mainly caused by 
the surgeon.
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